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THE PIGMENTARY CHANGES OCCURRING IN THE BREAST SKIN
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TREATMENT *
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One of the early signs of pregnancy in the
human subject is the darkening of the nipples
and areolae and this is accompanied, although to
a lesser degree, by increased pigmentation of the
skin of the face, the anterior abdominal wall in
the midline and the genitalia. As the period of
gestation increases, the areola becomes darker
and more prominent and it gradually widens. The
newly formed outer zone of pigmentation is
known as the secondary areola. The final size and
the degree of pigmentation of the areola varies
from one individual to another but it is usually
most well developed in the brunette. Following
parturition the secondary areola gradually re-
gresses but it is unusual for the areola to return
completely to its original size. The object of the
present paper is to explore the phenomenon of
secondary areola formation and at the same time
establish the fact that the female sex hormones
are largely responsible for the pigmentary skin
changes which occur during pregnancy.
MATERIALS AND METHODS
Twelve mature virgin guinea pigs of pure red
color and weighing about 500 g were used. To re-
move side effects from ovarian cyclic activity they
were double ovariectomized. One month later the
left areola and nipple were excised using a long
eliptical incision. The wound was closed with in-
terrupted silk sutures and the areola and adjacent
skin were transplanted onto the back as follows.
The subcutaneous tissue and the deeper part of
the dermis of the transplants were removed. The
pigmented areola was then carefully cut away
from the remaining skin and transplanted onto
the back; the remaining triangular pieces of skin
were similarly transplanted as shown in Fig. 1.
Particular care was taken to avoid leaving behind
portions of the left areola on the anterior abdomi-
nal wall and to avoid transplanting portions of the
areola along with the triangular areas of skin. The
reception sites on the back were prepared by ex-
cising areas of skin similar in shape and size to
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the transplants. The pannieulus carnosus muscle
at the reception sites was left intact and the trans-
plants were secured with fine silk sutures. The
wounds were covered with tullegras, gauze and
elastoplast bandage. After one week the dressings
were removed. When it was established that the
grafts had taken each animal was injected in-
tramuscularly with 0.1 mg of estradiol mono-
benzoate (Organon, London) for five days per
week for four weeks. They were then killed and
the right areola and the left transplanted areola
and adjacent skin transplants were excised.
All the skin specimens were processed and
treated with the Dopa reagent as described previ-
ously (Snell 1). Skin sheets and vertical skin
n
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FIG. 1. Diagram showing skin areas which were
transplanted from the anterior abdominal wall
onto the back of each guinea pig.
sections were examined. Kodacolor photographs
were taken of the animals before and after treat-
ment under standardized conditions.
RESULTS
]liacrosco pie Observations
Following ovariectomy the pigmentation of
the areolae became gradually reduced in all the
animals (Fig. 2a). After commencing the estrogen
injections the right areola and nipple, which
served as controls in each animal, showed marked
and progressive changes (Fig. 2b). The nipple
became much enlarged and darker and the nreola
pigmentation was greatly increased. The areolar
diameter was increased and in many of the
animals the increase was by as much as 9 mm.
The skin of the anterior abdominal wall in the
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FIG. 2. Photographs of the anterior abdominal wall of a red mature virgin goinea pig. (a) One month
after ovariectomy. Both areolae and the skin of the mons pubis show only a small amount of pigmenta-
tion. (b) One month after estrogen treatment. The right areola and nipple have become much enlarged
and their pigmentation has greatly increased. Note also the increased pigmentation of the skin over
the mons pubis and labia and the small circular area of pigmentation which has appeared at the original
site of the left transplanted areola (arrowed).
a b
FIG. 3. Pbotograpbs of the left areola and nipple and the triangular pieces of anterior abdominal wall
skin which were transplanted onto the back of the same animal as shown in Fig. 2. (a) Oblique view
showing the small size of the nipple and the poorly pigmented areola. (b) Enlarged direct view one
month after estrogen treatment. Shows enlarged nipple and deeply pigmented areola. The diameter of
the areola has remained unchanged. Note the deeply pigmented margin of the triangular piece of skin
(arrowed).
midline extending from the umbilicus to the pubis more prominent and progressively darker in all
was considerably darkened and so was the skin the animals but the areola did not increase in
of the labia. It was also noted that a small cir- diameter. The transplanted triangular pieces of
eular area of increased pigmentation had ap- skin showed increased pigmentation along one
peared at the site of the left areolar scar (Fig. 2b). margin, the margin which was originally situated
The transplanted areola and nipple became adjacent to the areola (Fig 3).
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1l'Iicrosco pie Observations
Skin Sheets: A large increase in the amount of
melanin present both within and outside the
melanocytes occurred following estrogen treat-
ment in all the animals (Figs 4 and 5). These
changes were noted in the right (control) areola,
the transplanted areola and in the pigmented
margins of the triangular pieces of skin. The
histological changes noted in the control areola
were similar to those seen in a pregnant
guinea pig.
Vertical Sections: These findings confirmed
those seen in the skin sheets (Fig. 6). They showed
an abrupt change in the melanogenic activity at
the junction of the transplanted arcola with the
surrounding normal back skin. A great increase
in the thickness of the arcolar epidermis following
the hormone treatment was also noted in all the
animals (Fig 7).
DISCUSSION
In a previous publication (Bischitz and Snell
(2)) it was shown that following ovariectomy in
the guinea pig the melanin content of the melano-
cytes was reduced and many of the mclanocytes
became smaller in size and had shortened den-
dritic processes. A significant reduction in the
mclanocyte counts occurred in the areola, and
this was accompanied by a reduction in the
amount of free melanin. It was concluded that
ovariectomy inhibited melanogenesis and that
the effect was most marked in the skin of the
areola. The effect of ovariectomy on the areolar
skin in the present series of animals confirmed
this. The diameter of the areolae and the degree
of pigmentation were greatly reduced in each
animal.
The influence of estrogens on skin pigmentation
has been widely studied in both animals and man
and by a variety of methods. Bloch and Schrafl
(3), Davis, Boynton, Ferguson and Rothman
(4) and Wheeler, Cawley and Curtis (5) have
worked on the effect of estrogen on pigmentation
in the guinea pig, and Hamilton (6) and Davis
et at. (4) on pigmentation in women. The results
from all these investigations indicate that estro-
gen whether applied locally or systemically, is
capable of increasing skin pigmentation. Many
of the workers relied solely on macroscopical ob-
servations of skin color, and it is not clear whether
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FIG. 4. Photomicrographs of areolar skin sheets following estrogen therapy. (a) Right areola (con-
trol). (b) Left transplanted areola. Shows the presence of large amounts of melanin which is situated
both inside and outside the mclanocytcs. Treated with Dopa reagent. No counterstain. X 105.
The influence of progesterone on skin pigmenta-
tion has been investigated by a number of work-
ers, but the results are contradictory. This may
be partly explained by the fact that a variety of
species and different doses have been used and
most of the studies were limited to macroscopical
observations or microscopical studies with verti-
cal sections. Davis et 01. (4) and Wheeler et al. (5)
have reported that progesterone has no effect
on skin pigmentation in the castrated male
guinea pig. On the other hand Kuppermann (9),
using the golden hamster, found that progesterone
reduces the pigmentation in the intact male while
in the castrated male and the normal and spayed
female progesterone had no effect. Lerner,
Shizume and Bunding (9) state that progesterone
darkens frog skin. Bischitz and Snell (2) showed
that small doses of progesterone increased the
production of melanin in all the skin regions
examined but the areolar skin was not especially
stimulated. Snell (10) showed that large doses of
progesterone produced varied results but in the
areolar skin meJanogenesis appeared to be in-
hibited.
the changes in pigmentation reported by them
are due to an alteration in melanin content of
the skin or due to alteration of the other factors
responsible for skin color. Bisehitz and Snell (2)
and Snell and Bischitz (7) showed that different
doses of estrogen were capable of greatly stimu-
lating melanogenesis as seen by the increased
production of melanin both inside and outside
the melanocytes and that the melanocytes in the
areolar skin were the most sensitive to this
stimulation.
That estrogen acts directly on the melanoeytes
and not indirectly through the melanocyte stimu-
lating hormones of the pituitary can be easily
shown by the local application of estrogen to one
nipple. This results in a purely local increased
melanin formation without systemic estrogenic
effects.
FIG. 6. Photomicrograph of vertical section of
left transplanted areola following estrogen
therapy. Shows the presence of large amounts of
melanin in the deeper layers of the epidermis,
especially the basal layer. Treated with Dopa
reagent. No eounterstain. X 326.
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FIG. 5. Photomierograph of part of triangular
piece of anterior abdominal wall skin which was
transplanted onto the back of the guinea pig. In
the upper part of the photograph is seen an area of
great melanogenie activity following estrogen
therapy. This is the marginal zone of the trans-
plant which is normally situated close to the
areola. Treated with Dopa reagent. No counter-
stain. X 110.
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FIG. 7. Photomicrographs of vertical sections of skin following estrogen therapy. (a) Left transplanted
areola showing very thick epidermis. (b) Skin of the back adjacent to areolar transplant showing normal
thickness of epidermis. Treated with Dopa reagent. Counterstained with hematoxylin and eosin. X 260.
The effect of small doses of estrogen and
progesterone when given together in the guinea
pig (Snell and Bischitz (7)) was to greatly stimu-
late melanogenesis and the stimulating effect was
most marked in the skin of the areola. When these
results are compared with the pigmentary changes
which occur in pregnancy in the guinea pig (Snell
and Bischitz (11)), although minor differences
may exist, it becomes eminently clear that
estrogen and progesterone are the hormones
mainly responsible for the pigment changes in the
areola and elsewhere in pregnancy.
The results of the transplantation procedures
demonstrating increased melanogenic activity of
the melanocytes in the transplanted areola in
response to estrogen administration was to be
expected from the foregoing discussion. The
failure of the areola to increase in diameter would
clearly indicate that the secondary areola, which
normally forms in the pregnant guinea pig or as
the result of estrogen therapy, is not the result of
pigment spread. On the other hand the appear-
nnce of incrensed pigmentation at the old site of
the areola on the anterior abdominal wall, to-
gether with the increased pigmentation which
occurred in the marginal zone of the transplanted
triangular pieces of skin, would indicate that the
melanocytcs in the abdominal wall skin, which
normally lie close to the "resting" areola, are
more sensitive to stimulation by estrogen than
those situated elsewhere. Also included in this
category are most probably the melanocytcs in
the linea alba skin and the genitalia. This result
would explain the pigmentary changes which
occur in the formation of the secondary arcola,
and the darkening which occurs in the skin over
the linca alba and in the genitalia.
In the light of recent investigations by Lerner
and McGuire (13) on the effect of the melanocytc
stimulating hormones of the pituitary on skin
pigmentation it would be interesting to know
what part these hormones play in the pigment
changes of pregnancy. Sncll (13 and 14) has
shown that both alpha- and beta-melanocyte
stimulating hormones are capable of strongly
stimulating melanogenesis in mammalian skin
;S C / '// -/ //S Cf •- —, -/ /#••a
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but the effect on the sexual skin does not appear
to be any greater than that seen elsewhere. It is
possible therefore that the pituitary hormones
assist the ovarian hormones in the production
of the pigmentary changes associated with preg-
nancy, but it is doubtful that they play a major
role.
One interesting extension of these analyses
entails an investigation into the relationship of
the melanocyte in the sexual skin to its immediate
environment. It is well known, for example, that
the epidermal cells of the nipple undergo active
mitosis during pregnancy or as the result of
estrogen stimulation (Davis et cl. (7)). This in-
creased metabolic activity of the neighboring
epidermal cells, cells which are actively concerned
in the take up of melanin from the melanocytes,
may influence the activity of the melanocytes.
This argument immediately poses the question
—how much of the pigment changes that we ob-
serve is due to an indirect effect brought about
by the action of hormones on the epidermal cells
and how much is due to the direct action of the
hormones on themelanocytes? Only a close study
of the effect of the ovarian hormones on me]ano-
cytes and epidermal cells in tissue culture can
provide the answer.
suMrvIAEv
(1) Twelve mature virgin guinea pigs of pure
red color were double ovariectomized. The left
areola and adjacent skin areas were later trans-
planted onto the back of each animal.
(2) Estradiol monobensoate was administered
to each animal and the pigmcntary changes of
the right areola and the left transplanted areola
and adjacent skin were closely studied.
(3) The results showed that the melanocytes in
the anterior abdominal wall skin which lie close to
the periphery of the "resting" arcola can be stim-
ulated to increase their melanogenic activity by
the administration of estrogen and that they arc
more sensitive to such stimulation than those
situated elsewhere. This phenomenon would ex-
plain the formation of the secondary areola which
occurs following the administration of estrogen
and during pregnancy.
(4) The hormonal factors responsible for the
pigmentary changes of the skin which occur in
pregnancy are herein discussed.
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